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SYSTEM FOR REDUCING FEEDBACK NOISE DUE TO RELAXATION OSCILLATION IN OPTICAL DATA 
RECORDING REPRODUCING SYSTEMS USING OPTIMIZED EXTERNAL CAVITY 



Field of invention 

This invention relates to a system and a method for reducing feedback noise in an 
optical data recording/reproducing system such as a compact disc (CD), digital versatile disc 
(DVD), or Blu-Ray Discs (BD) an optical disc standard based on the use of a blue laser 
5 rather than red laser as used for DVDs, and such as a photo-electromagnetic disc i.e. 

MiniDisc (MD), or magnetooptical disc (MOD). In particular, this invention relates to the 
use of optimized radio-frequency modulation for reducing feedback noise. 

Background of invention 

10 European patent application No. EP 0 887 898 discloses a system for providing 

countermeasures against laser noise (optical feedback noise) by way of optimizing a 
relationship between the optical length between the laser device and the recording medium 
(external resonator length) and internal resonator length (L) of a semiconductor laser times 
effective reflective index (N) of the semiconductor laser. In particular, in the design of the 

15 disclosed system a relationship between the disc surface reflection and NL is considered so 
that even when reflections occur the resulting noise is limited by designing the optical 
length appropriately. 

Further, a method, such as described in American patent application 
no. US 5,034,942, comprises forming an unexcited saturable absorbing region in part of a 

2 0 resonator so as to induce pulsating light at a laser-inherent frequency. The length of the 
external cavity (L) is selected together with a laser pulse period (T) so as to achieve a 
recording/reproducing system with a reduced noise due to light feedback into the laser. 

In addition, American patent no. US 5,313,448, which is considered the closest 
prior art, discloses a method for controlling a high-frequency pulse current and a pulse 

2 5 oscillation waveform driving a semiconductor laser device. The current and waveform are 
not substantially influenced by reflected returning light, even if the optical length between 
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t. 

the laser device and the recording medium is not constant in a system for recording and 
reproducing optical information with a semiconductor laser device driven by the high- 
frequency pulse current. The frequency of the high-frequency pulse current is controlled or 
the on-off time of the high-frequency pulse current is determined depending on the optical 
length, so that returning light causing problems arrives at the laser light emitting point at an 
off time. 

European patent application no. EP 0 887 898, American patents no. US 5,034,942 
and no. US 5,313,448 are hereby incorporated in the present specification by reference. 

None of the above patents or patent application, however, describe laser noise in 
relation to relaxation oscillation frequency, which is an intrinsic property of the laser. 

Summary of the invention 

An object of the present invention is to provide a method for reducing feedback 

noise in optical data recording/reproducing systems, in particular, reducing laser noise 

> 

induced by optical feedback of relaxation oscillation pulses, emitted by a frequency- 
modulated laser. 

A further object of the present invention is to provide a system for 
recording/reproducing optical data having reduced feedback noise caused by optical 
feedback of relaxation oscillation pulses, emitted by a frequency-modulated laser. 

A particular advantage of the present invention is provision of a laser capable of a 
high output level. 

A further advantage of the present invention is the provision of a system in which 
the laser noise due to feedback light in the laser is reduced. 

The above objects and advantages together with numerous other objects, 
advantages and features, which will become evident from the detailed description below, are 
obtained according to a first aspect of the present invention by a method for reducing 
feedback noise in optical data recording/reproducing systems comprising a laser driven by 
current operable to generate a pulsating light emission from said laser to an external cavity 
defining an optical length (L) from said laser to an optical storage medium, and 
characterized in that said method comprises: (a) determining relaxation oscillation 
frequency (ROF) of said pulsating light; and (b) adjusting said optical length (L) according 
to: 

L = N-c/2-ROF, 
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where N is any integer greater than 0, and c is the speed of light. 

The method according to the first aspect of the present invention provides an 
improved reduction of noise generated by feedback light in a system for 
recording/reproducing optical data from an optical storage means such as a CD, DVD, 
5 Blu-Ray Disc, MDs, or Mos. 

The determination of the relaxation oscillation frequency and utilisation of same as 
an important design parameter for the adjustment of the optical length have surprisingly 
shown how not only the frequency of the pulsating light but also the relaxation oscillation 
frequency of each pulse of the pulsating light, in relation to the external cavity length, are of 
1 0 importance for reducing feedback noise. 

The current according to the first aspect of the present invention may comprise an 
alternating current and a direct current. The current may be configured in a wide variety of 
ways, however, configured so as to control the pulsating light emitting from the laser. The 
alternating current may comprise square, triangular, sinusoidal shaped waveforms or any 
1 5 combination thereof. 

The determination of the relaxation oscillation frequency may be achieved by 
simulation or measurement of a specific laser driving current configuration, that is, a 
specific AC and DC driving current. 

The current according to the first aspect of the present invention may be operable to 
2 0 generate a pulsating light emission emitted from the laser to the external cavity, wherein the 
pulsating light emission comprises a series of optical output pulses, having one optical 
output pulse per period of the current and each optical output pulse showing only one 
relaxation oscillation pulse. 

The above objects, advantages and features together with numerous other objects, 

2 5 advantages and features, which will become evident from the detailed description below, are 

obtained according to a second aspect of the present invention by a system comprising a 
laser driven by a current operable to generate a pulsating light emission from said laser to an 
external cavity defining an optical length (L) from said laser to a optical storage medium, 
and characterized in that said system has an optical length (L) defined by: 

3 0 L-N-c/2-ROF, 

where N is any integer greater than zero, ROF is the relaxation oscillation frequency of the 
pulsating light, and c is the speed of light. 
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The system according to the second aspect of the present invention may incorporate 
any features of the method according to the first aspect of the present invention. 

The current according to the second aspect of the present invention may be 
operable to generate a pulsating light emission from the laser to the external cavity, wherein 
the pulsating light emission comprises a series of optical output pulses, having one optical 
output pulse per period of the alternating current and each optical output pulse showing only 
one relaxation oscillation pulse. 

Brief description of the drawings 

The above, as well as additional objects, features and advantages of the present 
invention, will be better understood through the following illustrative and non-limiting 
detailed description of preferred embodiments of the present invention, with reference to the 
appended drawing, wherein: 

Fig. 1 shows system according to a first embodiment of the present invention; 

Fig.2 shows a view of a simulation of laser modulation in the system according to 
the first embodiment of the present invention; and 

Fig. 3 shows a view of a second simulation of laser modulation in the system 
according to the first embodiment of the present invention wherein the DC and AC currents 
are adjusted in such a way that single pulsation per cycle arises. 

Detailed description of preferred embodiments 

In the following description of the various embodiments, reference is made to the 
accompanying figures, which are shown by way of illustration in which the invention may 
be practiced. It is to be understood that other embodiments may be utilized and structural 
and functional modifications may be made without departing from the scope of the present 
invention. 

Fig.l shows a system 10 for recording/reproducing optical data from an optical 
storage medium 12. The optical storage medium 12 may comprise any type of optical, 
electro-optical, or magneto-optical storage capabilities, such as a CD, DVD, Blu-Ray Disc, 
MD or Mos. The optical storage medium 12 is shown in Fig.l with a symmetry line 14 
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about which the storage medium 12 may rotate so as to enable access to every part of the 
surface 16 of the storage medium 12. 

The system 10 comprises a laser 18 driven by an AC and a DC current generated 
by a laser exciter 20 so as to generate a pulsating light 22 emitting from the exit 24 of the 
5 laser 18. The AC and DC currents may be selected to control the behaviour of the relaxation 
oscillations of each pulse of the pulsating light. 

The laser 18 is a semiconductor laser of any type generally known by a person 
skilled in the art. 

The emitted pulsating light 22 exits the laser 18 and is projected onto, firstly, a 
10 collimator 26 for collimating the pulsating light 22 then, secondly, a polarizing beam splitter 
28 for distinguishing (in combination with a quarter-wave plate 34) between the two 
trajectories from laser 18 to optical storage medium 12 and from optical storage medium 12 
to a detector 30. The polarizing beam splitter redirects reflected light from the optical 
storage medium 12 to the detector 30. The returning light is focused onto the detector 30 by 
15 , means of a first focussing lens 32. 

The polarized pulsating light 22 is fed through the quarter wave plate 34 to a mirror 
36 reflecting the polarized pulsating light to a second focusing lens 38. The second focusing 
lens 38 focuses the pulsating light onto the optical storage medium 12, which is reflected 
back to the detector 30. 

20 As is known to a person skilled in the art, parts of the reflected light are fed back to 

the laser 18 thereby introducing noise. By properly adjusting the optical length of the 
external cavity, which optical length is defined as the optical distance between the exit 24 of 
the laser 18 to the optical storage medium 12, in accordance with the modulation frequency 
of the pulsating light a reduction of the noise may be accomplished. Here, optical distance is 

2 5 defined as the length of an optical path in some medium, multiplied by the refractive index 

of the respective medium. 

However, further parameters need to be included in order to further reduce the 
amount of noise generated by light fed back to the laser 18. The AC and the DC current 
driving the laser 18 may be adjusted to obtain a specific effect of the emitted pulsating light 

3 0 22 and in some instances these adjustments of the AC and the DC current will induce 

relaxation oscillations following each of the pulses in the pulsating light 22. The individual 
relaxation oscillations are repeated at a relaxation oscillation frequency with a 
corresponding distance between two consecutive relaxation oscillations. The object of the 
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present invention is to further adjust the optical length of the external cavity to a length 
matching the wavelength (distance between two consecutive relaxation oscillations) of the 
relaxation oscillation frequency. Two times the optical length and the distance between two 
succeeding relaxation oscillations may be matched in any number of integers. 

Fig.2 shows a view of a simulation of laser modulation in the system 10. The laser 
1 8 is driven by a current signal 50, comprising an AC component and a DC component. In 
the simulation the driving current 50 has a DC component of 5 mA and an AC component 
with an amplitude of about 25 mA resulting in an optical output from the laser 1 8 of an 
average of 7 mW. 

Using this driving current configuration the laser 1 8 is pulsating at the frequency of 
the AC component. The frequency is defined by 1/T where T is the time 56 between two 
succeeding pulses 57. Furthermore, the laser output 54 shows a strong oscillation for each 
pulse 57 due to the relaxation oscillation. The relaxation pulses 58 and 60 are not easy to 
distinguish on the view since the time scale is large. However, for each AC modulation 
peak, a first relaxation oscillation pulse 57 is followed by a sequence of one or more 
relaxation oscillation pulses 58, 60 with a frequency of approximately 5 GHz (time period 
of 200 ps). This frequency has a corresponding wavelength of 6 cm. Hence to reduce 
feedback noise two times the optical length of the external cavity is set to a multiple (N) of 
6 cm, so that the feedback light returns to the laser 18 at the peak of a subsequent pulse 60. 

It should be emphasized that any configuration of the driving current may result in 
introducing relaxation oscillations and thus the optical length of the external cavity may 
according to this invention be corrected so as to reduce the feedback noise. 

Fig.3 shows a view of a second simulation of laser modulation in the system 10. 
The laser 1 8 is driven by a current 70 comprising an AC component and a DC component. 
In the simulation the DC component is 5 mA and the AC component has an amplitude of 
13 mA resulting in an optical output 74 from the laser 18 of an average of 0,7 mW. This 
driving current configuration gives rise to only one pulse 77 per AC current time period 76. 
The width of pulse 77 will be less than 100 ps, typically around 30 ps. For large enough 
optical length L between laser and optical storage medium 12, all feedback light will arrive 
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back at the laser 18 on timescales larger than the width of pulse 77. The laser 18 will be 
insensitive to this feedback, hence feedback noise will be absent. 



